with turning once each hour, and hatchability was measured at the 18th day of incubation. The maternal female quail (nϭ6 to 10 per group) were weighed and killed by decapitation at the morning of the end of experiment. After decapitation, blood samples were collected in heparinized plastic tubes and centrifuged at 1700ϫg for 15 min at 4°C. Plasma was separated and stored at Ϫ20°C until it was assayed for estradiol-17b, progesterone, and LH. The liver, kidney, spleen, ovary, and oviduct were collected and weighed.
Radioimmunoassay Plasma concentrations of LH were measured with a USDA-ARS RIA kit (Beltsville, MD, U.S.A.) for chicken LH. The antiserum used was anti-avian LH (HAC-CH27-01RBP75). The hormone for iodination was chicken USDA-cLH-I-3. The results are expressed in terms of USDA-cLH-K-3. The intra-and inter-assay coefficients of variation were 5.2% and 11.2%, respectively. USDA-cLH-I-3 and USDA-cLH-K-3 were kindly provided by Dr. John A. Proudman (Biotechnology and Germplasm Laboratory, Animal and Natural Resources Institute, Beltsville, MD, U.S.A.).
17) The antiserum against avian LH was kindly provided by the Biosignal Research Center of Institute for Molecular and Cellular Regulation (Gunma, Japan). 8, 18) Plasma concentrations of estradiol-17b and progesterone were determined with a double-antibody RIA system using 125 I-labeled radioligands as described previously. 19) The antisera against estradiol-17b (GDN 244) and progesterone (GDN 337) 20) were kindly provided by Dr. G. D. Niswender (Colorado State University, Fort Collins, CO, U.S.A.). The intra-and inter-assay coefficients of variation were 4.8% and 5.8% for estradiol-17b, and 6.9% and 11.2% for progesterone, respectively.
Statistical Analysis All data are presented as meanϮ S.E.M. Statistical analysis was performed by one-way analysis of variance followed by Dunnett's multiple comparison test (StatView 5.0, SAS Institute, Cary, NC, U.S.A.). The criterion for significance was pϽ0.05.
RESULTS

Effect of PNMC on Organs and Body Weight
An acute toxicologic response occurred in highest dose of 100 mg/kg PNMC treated group, of the 10 birds treated with 100 mg/kg PNMC, 4 died within 10 min of treatment. No birds died in the 1 and 10 mg/kg of PNMC or control groups. The surviving birds in all treatment groups grew normally, with no differences in body weights during the pretreatment, treatment, and post-treatment periods (data not shown). Daily injection of PNMC for 5 d did not change weights of the liver, kidney, and spleen (Table 1 ). PNMC at 100 mg/kg tended to decrease the weights of the ovary and oviduct, but not significantly (Table 1) .
Effect of PNMC on Egg-Laying and Hatchability
The egg-laying rate and egg weights of PNMC-treated birds during the pretreatment, treatment, and post-treatment periods are shown in Table 2 . Egg weights did not change during any period, but PNMC treatment decreased the egg-laying rate The values are expressed as meanϮS.E.M. throughout the treatment period, with recovery during the post-treatment period. And the egg-laying rates were significantly lower ( pϽ0.05) in the treatment period of group treated with 100 mg/kg PNMC compared with the value for pretreatment and post-treatment birds (Table 2) . Hatchability was similar at all doses of PNMC throughout the experiment (Table 3) . Effect of PNMC on Plasma Concentrations of LH, Estradiol-17b b, and Progesterone Plasma concentrations of LH and estradiol-17b were significantly lower (pϽ0.05) in the groups treated with 10 and 100 mg/kg PNMC than controls (Figs. 1A, B) . In contrast, plasma concentrations of progesterone were significantly increased (pϽ0.05) in the groups treated with 10 and 100 mg/kg PNMC compared with controls (Fig. 1C) .
DISCUSSION
In the present study, administration of PNMC significantly decreased plasma concentrations of LH and estradiol-17b, significantly increased plasma concentrations of progesterone, and decreased the egg-laying rate of mature female Japanese quail. The present results suggest that PNMC may have toxic effects on the hypothalamic-pituitary axis to reduce LH secretion from the pituitary gland. The decrease in circulating levels of estradiol-17b may be due to reduced circulating LH.
An acute toxicologic response occurred in adult birds treated with the highest dose (100 mg/kg) of PNMC, and affected birds displayed signs of dyspnea and tremor prior to death. These results suggest that PNMC causes acute toxicity and death, possibly by a rapid decrease in blood pressure followed by ischemic shock. This proposed mechanism is consistent with the reports of the potential vasodilatory activity of PNMC. 2, 3) However, none died in rats treated with the high dose of PNMC (100 mg/kg) in our previous studies. These results suggest that the sensitivity to PNMC of the quail and the rat is different and that PNMC has a high acute toxicity to the quail. In addition, it is known that PNMC inhaled by the body is metabolized by uridine diphosphate glucuronosyltransferase (UGT) and sulfotransferase, 21) and Lee et al . have demonstrated that UGT activity for PNMC in quail is less than that in the rodents. 22) These results suggest that PNMC metabolism is less efficient in the quail compared to the rodents, so that quails are more inclined to accumulate PNMC within the body, and in resulting with the higher toxicity than the rodents.
PNMC treatment decreased the egg-laying rate of adult female quail, but the rate recovered during the post-treatment period. Previous studies have shown that PNMC has estrogenic activity in vivo and in vitro. 4, 6) Estrogen is required for normal differentiation and development of the oviduct in female birds. 23) However, exposure to excessive estrogen can cause oviduct abnormalities and impaired egg-laying. 24) Furthermore, PNMC decreased plasma concentrations of LH in the present study, suggesting that negative-feedback has occurred due to PNMC. In contrast, here we found that administration of PNMC significantly increased plasma concentrations of progesterone, and PNMC treatment of H295R cells also increases progesterone levels. 25) We suggest that the estrogenic effects of PNMC are involved in the impairment in egg-laying of PNMC-treated adult female quail.
In conclusion, PNMC has toxic effects on the reproductive system of mature female Japanese quail through toxic effects on the hypothalamus and/or pituitary. Therefore the vast amounts of PNMC in the environment may have profound deleterious effects on the reproduction of wildlife, especially birds, and humans. The number of eggs that hatched/total number of eggs is given in parentheses.
